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Abstract 


Introduction: Oxidative stress with subsequent lipid peroxidation has been postulated as 
one mechanism for lead toxicity. The protective action of vitamins C and E against lead affects 
lipid hydroperoxide level and liver functions in male rats has been studied. 

Results: Administration of lead acetate (2%) in dirinking water for 3 months elevates 
plasma lipid hydroperoxide level, activities of aspartate aminotronsferase (AST), alanine 
aminotransferase (ALT) and alkaline phosphatase (ALP), cholesterol, triglycerides and low 
density lipoprotein (LDL) levels. On the other hand, reduced plasma glutathione (GSH), protein 
and high density lipoprotein (HDL) concentrations lowered significantly in lead (Pb) treated 
group. However, oral administration of vitamin C (Vit C) or vitamin E (Vit E) at dose level of 
100 mg/kg body weight reduced the alterations in the previous parameters. On the other hand, 
co-administration of both vitamins (Vit C+ Vit E) to lead-treated rats led to the most significant 
decline in lipid hydroperoxide level, restoration of GSH level and exhibited more protection as 
compared with Vit C or Vit E separately. 

Conclusion: There is synergistic antioxidative effect between Vit C and Vit E that 
protects the liver from lead induced lipid peroxidation, suggesting that the antioxidant treatment 
may best be done using a balanced cocktail. . 


Introduction 


Lead (Pb) is environmental and indiustrial 
pollutant that has undesired effects, 
including growth retardation (Shukla et al., 
1991) immunological (Ercal et al., 2000), 
hepatic (Sivaprasad et al, 2004) and 
reproductive disfunctions (Winder, 1993). 
Pb caused lymphocyte infiltration and 
cirrhosis of liver cells (Sipos et al., 2003). 
Hepatic disorders were noticed in rats as 
manifested by increase of liver enzymes 
(Jevtovic-Stonimenov et al, 2003). 
Activation of free radical processes and 
impairment of the antioxidant defense 
system are likely to be one of the basic 
mechanisms responsible for hepatic damage 
during prolonged lead intoxication (El- 
Sokkary et al., 2005). Treatment of rats 
with Pb increased reactive oxygen species 
(ROS) that may contribute to hypertension 
and tissue damage (Vaziri et al., 1999). 
Vitamins are essential to maintain 
normal metabolic processes and 


371 


homeostasis within the body. Vitamin C 
(Vit C) and vitamin E (Vit E) are low 
molecular mass antioxidants that scavenge 
or quench free radicals (Janisch et al., 
2005). Reactive oxygen species (ROS) 
related lead toxicity in the rat sperm was 
prevented by Vit C or Vit E (Hsu et al., 
1998). These findings suggest potential role 
of antioxidants to ameliorate lead toxicity. 
Moreover, the Co-treatment of Pb-injected 
mice with both vitamin C and E inhibited 
cytotoxic effects of lead on the testes 
(Mishra and Acharya, 2004). Both Vit C 
and Vit E alleviate oxidative stress 
associated with a variety of pollutants. Vit 
C and Vit E reduced lipid peroxidation and 
oxidative stress result from arsenic 
(Kannan and Flora, 2004), Ozone (Sienra- 
Monge, 2004) and cadmium (Grosicki, 
2004) toxicities. Combined treatment with 
vitamin C and vitamin E exhibited a good 
protection against thioacetamide (Ming et 
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al., 2006) and radiation (Wan et al., 2006) 
induced oxidative stress. Hence, the current 
study was designed to investigate the 
combined effects of vitamin C and vitamin 
E on alleviation the hepatotoxicity during 
lead exposure. 


Material And Methods 
1. Animals and experimental design 


Forty male Sprague Dawley rats 
weighting 160-200 g, from the college of 
pharmacy, king Saud university were 
maintained in the animal house under 
controlled conditions (12h light, 
temperature 22 + 1°C) and were given dry 
ration and water ad lib. The animals were 
assigned to five groups, each of which 
contained 8 rats. The rats were treated daily 
for 3 months as follows: group (1) not 
treated and kept as control group (2) 
treated with 2% lead acetate in drinking 
water, group (3) administered vitamin C 
(100 mg/kg) beside lead (296) in drinking 
water, group (4) given vitamin E 
(100mg/kg) orally and Pb in drinking water 
and group (5) given the two vitamins in 
combination + lead acetate. Vit C, Vit E 
and Pb were procured from Sigma 
chemicals, USA. Blood was collected from 
eyes of the animals monthly for 3 months 
and plasma was separated and kept in deep 
freezer (- 20°C) until analysis. 


2. Measurements 


Blood levels of hydroperoxide were 
evaluated using free radical analytical 
system (IRAM, PARMA, Italy). The test is 
a colorimetric test that takes advantage of 
the ability of hydroperoxides to generate 
free radicals after reacting with some 
transitional metals. (Wolff, 1994). 

Reduced glutathione was measured 
using the method of Beutler et al. (1963). 

Plasma total protein (Gornall et al., 
1949), AST, ALT (Reitman and Frankel, 
1957), alkaline phosphatase (Kind and 
King, 1954), cholesterol (Allain et al., 
1974), triglycerides (Fossati and Prencipe, 
1982), HDL and LDL-cholesterol (Lopez- 


Virella, 1977) were determined using 
biomerieux kits. 


3. Statistical analysis: 


The values are expressed as mean + 
S.E. the results were computed statistically 
(SPSS program) using one way analysis of 
variance. 


Results 
1. Lipid hydroperoxide 


A distinct and significant elevation in 
the hydroperoxide level (P <0.01) was 
found in Pb-treated rats (Fig. 1A ) as comp- 
ared to control group at all time intervals. 
Moreover, the hydroperoxide level of rats 
treated with Vit C + Pb, Vit E + Pb and Vit 
C + Vit E + Pb increased significantly 
(P<0.01) after 3 months as compared to 
control. The Vit C supplemented group 
showed a significantly (P<0.01) lower hyd- 
roperoxide level as compared to Pb-treated 
group at the three time intervals, while 
similar result was recorded in Vit E-treated 
group at third month only. Furthermore, co- 
administration of both vitamins to Pb- 
treated rats markedly reduced hydrop- 
eroxide level (P < 0.01) as compared to pb- 
treated groups supplemented with either of 
the vitamins alone. 


2. Reduced glutathione in blood: 


GSH concentration in RBCs was 
decreased significantly (P<0.01) in samples 
of rats treated with Pb only at the second 
and third week compared to control animals 
(Fig. 1B ). On the other hand, GSH level 
did not change significantly in rats given 
Vit C + pb at any time interval as compared 
to control. GSH level showed a significant 
decrease (P < 0.01) in the rats subjected to 
Vit E + Pb as compared to control at third 
month. The rats treated with Vit C + Pb, Vit 
E + Pb and Vit C + Vit E + Pb have higher 
GSH level as compared to Pb group. The 
GSH level of rats given Vit C + Vit E + Pb 
is significantly higher (P < 0.01) than that 
of Vit C + Pb or Vit E + Pb. 


372 


Samir A.E. Bashandy 


3. Plasma protein 


The protein concentration (Fig. 2 A) 
showed a significant decrease (P< 0.01) in 
all treatment groups except in the group 
treated with Vit C + Vit E + Pb throughout 
all the experimental periods. The protein 
concentration of rats treated with Vit C + 
Pb or Vit E + Pb is significantly (P < 0.01) 
higher than that of Pb group at the end of 
third month only. Moreover, the protein 
level of rats given Vit C + Vit E + Pb is 
significantly higher than those of Pb group, 
Vit C + Pb group and Vit E + Pb group at 
all time intervals. 


4. Plasma liver enzymes: 
4.1. AST 

A significant increase (P < 0.01) in 
AST activity was recorded (Fig. 2 B ) in all 
treatment groups. On the other hand, AST 
activities in rats exposed to Pb and treated 
with Vit C or Vit E separately or in 
combination were significantly (P < 0.01) 
less than in Pb group. AST activity in group 
given Vit C + Vit E + Pb remained 
significantly less than any other treatment 


groups. 


4.2. ALT 

ALT activities increased significantly 
(P « 0.01) in rats given Pb versus those of 
control animals at all time intervals (Fig. 
3A) ALT level of rats treated with Vit E + 
Pb is significantly higher than that of 
control at the third month only. No- 
significant difference was noticed between 
control and Vit C + Pb or Vit C + Vit E + 
Pb. ALT activities of rats treated with Pb 
and supplemented with Vit C or Vit E 
separately or in combination are signific- 
antly less than those of Pb at the three time 
intervals. Combination of Vit C and Vit E 
has a pronounced protection against ALT 
elevation due to Pb treatment. 


4.3. Alkaline phosphatase 

It is observed that the alkaline 
phosphatase activity (Fig. 3 B) of Pb treated 
rats elevated significantly (P « 0.01) as 
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compared to control at 2" and 3" months, 
while it did not change significantly in 
other treatment groups. 


5. Plasma lipid profile 
5.1. Cholesterol and Triglycerides 

Lead administration alone caused a 
time dependent increase (P<0.01) in 
cholesterol and triglycerides levels (Fig. 4 
A,B). The two parameters were increased 
significantly (P < 0.01) in other treatment 
groups at the third month as compared to 
control. On the other hand, the values of 
both cholesterol and triglycerides of rats 
treated with Vit C + Pb, Vit E + Pb and Vit 
C + Vit E + Pb are significantly (P < 0.01) 
less than those of Pb group. However, a 
more pronounced recovery in the above 
mentioned variables was observed after 
combination treatment with the two 
antioxidants against lead. 


5.2. HDL 

A significant decrease in HDL levels 
(P< 0.01) were recorded in all treatment 
groups (Fig. 5A) as compared with the 
control. Moreover, HDL concentrations in 
rats exposed to lead and treated with Vit C 
or Vit E separately or in combination were 
significantly (P < 0.01) higher than those of 
Pb group. The simultaneous supplem- 
entation with Vit C + Vit E to Pb treated 
rats led to an even higher (P « 0.01) HDL 
level compared to the administration of 
either of the vitamins alone. 


5.3. LDL 

Fig. (5 B) demonstrated a signifi- 
cant increase ) > 0.01) in LDL concent- 
rations of all treatment groups except in rats 
treated with Vit C + Vit E + Pb as compa- 
red to the control. Furthermore, LDL levels 
of Vit C + Pb, Vit E + Pb and Vit C + Vit E 
+ Pb treated rats were significantly (P< 
0.01) lower than in Pb group. Moreover, 
co-administration of both vitamins to Pb- 
treated rats markedly reduced the elevation 
of LDL levels due to treatment of animals 
with lead. 
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Fig. (1): Effect of Vitamin C / Vitamin E either alone or in combination on blood 
hydroperoxide and GSH levels of lead exposed rats 
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Fig. (2): Effect of Vitamin C / Vitamin E either alone or in combination on plasma levels of 
total protein and AST of lead treated rats 
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Fig. (3): Effect of Vitamin C / Vitamin E either alone or in combination on plasma ALT 
and Alkaline phosphatase (ALP) levels of lead treated rats 
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Fig. (4): Effect of Vitamin C / Vitamin E either alone or in combination on plasma 
cholesterol and Triglycerides levels of lead treated rats 
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Fig.(5): Effect of Vitamin C / Vitamin E either alone or in combination on plasma HDL 
and LDLlevels of lead treated rats 
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Discussion 


Lead is an environmental pollutant with no 
beneficial biological role. The higher 
concentration of lead in different tissues 
and RBCs following occupational or 
experimental exposure was associated with 
increased oxidative reaction, which might 
be responsible, at least in part, for lead- 
induced toxic effects (Gurer et al., 1998; 
Patra and Swarup, 2000). In the present 
study, subject of rats to lead caused 
elevation of blood lipid hydroperoxide 
level. A variety of analytical approaches are 
in use to measure the free radical mediated 
reactions and their metabolites to elucidate 
the occurrence of in vivo or in vitro lipid 
peroxidation. Among them measurement of 
lipid hydroperoxides (Wolff, 1994). One of 
the major concepts on the mechanism of 
heavy metal toxicity is attributed to its 
ability to generate reactive oxygen species 
which cause peroxidation of lipids. Lead is 
known to promote oxidative damage in 
liver by enhancing peroxidation of 
membrane lipids (Stohs and Bagchi, 1995), 
a deleterious process carried out by free 
radicals. Although the source of prooxidant 
during lead-induced oxidative stress is not 
known, it is suggested that autooxidation of 
accumulated amino levulinic acid due to 
inhibition of amino levulinic acid dehyd- 
ratase, may result in the formation of 
superoxide and hydrogen peroxide 
(Monteiro et al., 1986), leading to produc- 
tion of more reactive hydroxyl radicals. 

Free radicals overproduction follo- 
wing lead exposure intiates from mitoch- 
ondria and spreads out quickly to all 
cellular and tissue components, causing 
dysfunction in cellular energy metabolism, 
membrane transportation and finally cell 
death. Another potent source of free 
radicals in the liver can be kupffer cells 
(Milosevic and Maier, 2000). In response, 
to oxidative stress induced by lead, 
endogenous antioxidants are consumed 
resulting in continuously decreasing tissue 
and cellular antioxidative capacity that 
leads to progressive oxidative injury (Patra 
et al., 2001). It was found a significant 
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increase in lipid peroxidation and a 
decrease in the levels of endogenous 
antioxidants in the liver and kidney of lead 
exposed animals (Upasani and Balaraman, 
2003). In another study of Flora etal. 
(2003), lead exposure produced significant 
depletion of hepatic GSH and catalase 
activity, while oxidized glutathione and 
lipid peroixdation levels increased signifi- 
cantly, pointing to hepatic oxidative stress. 

In the current study the levels of 
blood GSH were decreased in lead treated 
rats. Lead stimulated lipid peroxidation in 
vivo resulted in the formation of aldehydic 
products which in turn caused a decrease in 
reduced glutathione content (Gurer ef al., 
1998). The depletion of glutathione and 
changes in the activities of various 
antioxidant enzymes indicative of lipid 
peroxidation have been implicated in lead 
induced oxidative damage (Donaldson and 
Knowles, 1993). GSH depletion enhances 
superoxide anion formation (Moriya et al., 
2000). The observed increase in lipid 
hydroperoxide level of lead treated rats 
may result from decrease of GSH levels of 
the present study. Lead binds to sulfhydryl 
group of GSH, which could deplete the 
intracellular levels of GSH (Christie and 
Costa, 1984). It is concluded that the 
increase in the lipid peroxidation level 
lowered the GSH content in the tissues 
(Mezes et al., 1996). 

Lead binds to plasmatic proteins and 
is conducted to liver, where it causes altera- 
tions in high number of enzymes. It can 
also perturb protein biosynthesis in hepat- 
ocytes, including the structural proteins 
(Goering, 1993). The observed decrease in 
protein content of plasma of rats treated 
with Pb may be due to decreased hepatic 
DNA (Shalan et al, 2005) and RNA 
contents (Stone and Fox, 1984). Protein 
and DNA decreases have been reported, 
since lead can interact with some amino 
acids of the enzymes (Needleman and 
Bellinger, 1991). It was reported that total 
protein and albumin were lowered in toads 
treated with lead (Chiesa et al., 2006). 
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The toxic action produced by lead 
might be attributed to its ability to generate 
reactive oxygen species which induce 
oxidative damage in several tissues by 
enhancing lipid peroxidation that occurs 
readily in the tissues due to presence of 
membrane rich in polyunsaturated fatty 
acids (Cini et al., 1994). Traditionally 
evaluation of liver function is achieved by 
assessing the activities of hepatic enzymes 
in plasma such as ALT and AST. The 
change in enzyme activities in plasma is 
reflecting the amount of enzymes that leak 
out from the membrane of damaged 
hepatocytes, rather than the change in real 
liver function. The current study demons- 
trated a significant increase in ALT, AST 
and ALP in plasma of rats treated with lead. 
The increase in liver enzymes can be 
attributed to the increase in the level of 
lipid peroxidation. 

It was noticed in the present investi- 
gation, a significant increase in plasma 
cholesterol, triglycerides and LDL-C and a 
significant decrease of HDL-C of the rats 
treated with lead. Knowles and Donaldson 
(1996) concluded that the increase in the 
levels of triglycerides in lead treated 
animals may indicate the breakdown of 
fatty acids. Plasma LDL can undergo 
reuptake in the liver via specific receptors 
and get cleared from circulation. This 
increased LDL concentration in plasma 
may be due to a defect in LDL receptor. 
HDL helps to scavenge cholesterol from 
extra hepatic tissues. Decreased HDL conc- 
entration can contribute to the increased 
cholesterol levels. There is evidence linking 
increased serum cholesterol and LDL levels 
to a higher risk for developing coronary 
heart diseases (Glueck et al., 1986). 

The prevention of lipid peroxidation 
is essential for all aerobic organisms, and so 
the organism is well equipped with antiox- 
idants that directly or indirectly protect 
cells against the adverse effects of xenobi- 
otics, carcinogens and toxic radicals 
(Halliwell, 1995). Both vitamin C and 
vitamin E minimize adverse effects of lead 
on lipid hydroperoxide and GSH levels in 
the present investigation. It is, therefore, 
possible that restoration of altered 
biochemical parameters after concurrent Vit 


C or Vit E administration must be 
responsible for the decreased oxidative 
stress and consequently an oxidation of 
GSH. Decreased level of lipid peroxidation 
after Vit C or Vit E treatment may save 
GSH from oxidation. Such a protective 
effect may be great importance so GSH 
may offer a first line of a defence against 
lead toxicity (Ishikawa and Sies, 1989). Vit 
C and Vit E are reported to act as an 
effective antioxidant for protection against 
diseases and degenerative process caused 
by oxidative stress (Chaudiere and 
Ferrari-Illiou, 1999). A potential role of 
vitamins C and E in modulating oxidative 
stress may determined their clinical 
usefulness as supplemental nutritional 
therapeutic agent in disorders affecting the 
free radical reactions. The treatment of rats 
prior of after stress with these vitamins 
resulted in an increase of antioxidant 
enzymes in the tissues as catalase and 
superoxide dismutase and GSH content 
with a decrease in lipid peroxidation 
(Kashif et al., 2004). Vit C and Vit E can 
ameliorate ROS in lead exposed animals 
(Hsu et al., 1998). 

In the present study, Vit C and Vit E 
administration to rats treated with Pb 
reduced the alterations in protein, liver 
enzymes and lipid profile. It seems that the 
protective effect of vitamin C and E against 
lead poisoning refer to their antioxidant 
nature or their interference with intestinal 
absorption of lead (Pace and Iannucci, 
1994). Vitamin C as a chelating agent is 
reported in treatment of lead toxicity 
(Liobet et al., 1990). It reduces the possib- 
ility of lead interaction with critical biomo- 
lecules and factors inducing oxidative 
damage (Hsu and Gus, 2002). Vitamin C 
supplementation in lead exposed animals 
significantly reduced blood, liver and renal 
lead levels. Ascorbic acid might increase 
urinary elimination of lead (Dhawan et al., 
1988). Vitamin E is an important antiox- 
idant, residing mainly in cell membranes. It 
is thought to interrupt the chain reactions 
involved in lipid peroxidation and to 
scavenge ROS generated during oxidative 
stress (Palamanda and Kehrer, 1993). 

In the current study, co-administration 
of both vitamin C and vitamin E to Pb- 
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treated rats exhibited more protection than 
groups supplemented with either of the 
vitamins alone. Co-supplement of Vit C and 
Vit E, therefore could simultaneously 
improve the overall ability of scavenging 
free radicals from various tissues and 
cellular components, thus providing a 
synergistic effect to protect the liver from 
lead induced oxidative injury. The 
interaction among the two vitamins may 
maintain them in their reduced form to 
rebuild the endogenous antioxidant 
balances that could have been impaired by 
elevated oxidative stress following Pb 
administration. Oxidized Vit E is recycled 
to its reduced form by Vit C, while oxidized 
Vit C is recycled to its reduced form by 
GSH (Fang and Yang, 2002). The 
synergistic action of both Vit C and Vit E 
against lead induced genotoxicity is 
reported (Mishra and Acharya, 2004). 
Moreover, Buettner (1993) found that vit C 
and Vit E jointly protected lipid structures 
against peroxidation. Also, the combination 
of vitamins C and E was found to partially 
improve disorders on pancreas and liver 
result from  organsphophate insecticide, 
diazinon (Gokalp et al., 2004). 

In conclusion, vitamin C or vitamin E 
may be useful as a prophylactic agent for 
lead poisoning. The combined supplem- 
entation with Vit C and Vit E highly 
protected rats from lead toxicity. It appears 
that vitamins C and E act synergistically in 
reducing lead toxicity. 
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Beneficial Effect of Combined Administration of........... 


تاثير فيتامين ج وفيتامين ه على التقليل من الآثار السامة للرصاص على الكبد 


سمير عبد المنعم بشندي 
cad‏ بعلن للخو ون كلنة الحاو + ell ed‏ المملكة AE Sis pall‏ 


لقد وجد أن فوق أكسدة الدهون والضغط التأكسدي يؤثران سلباً على 
وظائف الكثير من الأعضاء الهامة للجسم نتيجة التعرض للرصاص. تم في هذا 
البحث دراسة التأثير الوقائي لفيتامين ج وفيتامين هه صد تأثير الرصاص المحدث 
لفوق أكسدة الدهون والمؤثر على وظائف الكبد . أدى تناول الجرذان للرصاص في 
ca A clic‏ )%2( لمدة ثلانة اشهر إلى ارتفاع مستويات فوق أكسدة الدهون ¢ 
الأسبرتات أمينو ترانسفيريز (AST)‏ الأ لانين أمينو ترانسفيريز (ALT)‏ » 
الفوس فاتيز القاعدي» الكولستيرول e‏ الجلسريدات الثلاثية والبروتينات الدهنية 
منخفضة التركيز في البلازما. من جهة أخرى انخفضت مستويات كل من 
الجلوتاثيون» البروتين الكلي والبروتينات الدهنية عالية التركيز في بلازما الجرذان 
المعالجة بالرصاص. 

أظهرت الدراسة أن معالجة الجرذان بفيتامين ج أو فيتامين ه أدت إلى 
تقليل التغيرات السابقة الناتجة من التعرض للرصاص 6 تم في هذا البحث مناقشة 
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